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本文所研究的细菌 Shewanella piezotolerans WP3 为一株分离自西太平洋
1914 米深海沉积物中的一株革兰氏阴性菌。WP3 为一杆状的兼性厌氧菌，属于
r-proteobacterium，具有 55 个编码细胞色素 C 的基因，比 Shewanella oneidensis 
MR-1（42 个编码细胞色素 C 基因）多 13 个。在有氧培养条件下，WP3 的菌体
呈现淡紫色，同时逆转录 PCR 实验的结果也表明这些细胞色素 C 在有氧条件下
也具有一定程度的转录。这个结果表明即使在有氧条件下，WP3 的厌氧呼吸途
径也在起作用并为其提供生命活动所必须的能量来源。这些细胞色素 C 很可能





其是还原态的二价铁离子浓度过高容易通过 Feton Reaction 导致细胞的氧化损
伤。WP3 的特意的生理特性及其所生活的环境决定了研究 WP3 中 Fur 如何调控
细胞内铁离子水平更具重要意义。一方面，WP3 相对于普通细菌，需要更多的






Fur 是存在于大部分细菌中的调控细胞内 Fe 离子浓度平衡的一个调控因子，
具有多样的调控方式对目的基因的转录进行调控。同样在 WP3 基因组中，我们



















Fur 在 WP3 中主要起调控细胞内铁离子平衡的作用。但是还有大量的基因在这
两组数据中表达的方向相反，表明 fur 的缺失突变与缺铁培养所造成 WP3 的生
理状态具有较大的差异。通过分析，我们发现很可能是细胞内 Fe2+浓度的不一样
造成。与其他菌株的 Fur 调控因子缺失突变结果相似，H2O2 的耐受性实验中 Fur
存活率大大低于野生WP3，表明了Fur细胞内过高Fe2+浓度导致更加剧烈的Feton 
Reaction 反应进而杀伤细胞。通过检测细胞内的 Fe2+浓度，我们发现 fur 的缺失
突变的确导致细胞内 Fe2+水平的上升。 
不仅如此，通过检测 fur 突变株的厌氧代谢生长状况发现 fur 的删除突变造成
厌氧呼吸速率受到影响。这是首次发现 fur 的删除突变会影响到希瓦氏属细菌的
厌氧呼吸速率。通过基因芯片数据的分析，发现这很可能是由于血红素合成途径，
及细胞色素 C 成熟途径上的基因下调。我们比较了 fur 突变株与野生 WP3 厌氧
条件下的细胞色素 C，发现所有的细胞色素 C 的含量在 fur 突变株中均低于野生
WP3 而不是单个或某些细胞色素 C 的低表达所致。通过在以血红素为添加剂的





得到了一个 cysG 突变，同时删除了该途径上的 cysN 和 cysD 两个基因，构建了
抑制 cysND 突变。对这两个突变子的检测发现他们对 WP3 吸收环境中低浓度的







































Deep-sea is a special ecosystem for its permanent coldness, high pressure, 
darkness, low in the nutrient and oxygen. The special metabolic characteristics of 
deep-sea microbes are determined by this special deep-sea ecosystem. It is important 
to study the physiological characteristics of deep-sea microbes for understanding 
special aspects of deep-sea microbes and exploitation of extreme microbial resource. 
The deep-sea bacterium used in this study was isolated from deep-sea sediments 
of 1914m depth in west Pacific. The phylogenetic analysis and molecular study shows 
that the bacterium is a psychrophilic and piezotolerant microbe with the term as 
Shewanella piezotolerans WP3. WP3 belongs to γ-proteobacterium and contains 55 
cytochrome C genes, which are 13 more than Shewanella oneidensis MR-1. The 
strain’s color and RT-PCR results of cytochrome C genes indicate that these 
cytochrome C proteins are expressed and function as provider of energy for WP3 even 
under aerobic condition. These cytochrome C genes are supposed to be important for 
its adaptation to sub-anaerobic deep-sea environment. 
The physiological iron homeostasis is important for all microbes for two reasons. 
First, iron is important. It is not only component of some proteins, such as isocitrate 
dehydrogenase, but also takes part in DNA metabolism, TCA recycle and glycolysis et 
al as the co-factor. And iron is also toxic. Fe2+ can produce highly reactive oxygen 
species through catalyzing Fenton Reaction. So keeping iron homeostasis is important 
for microbes. Second, WP3 needs more iron than other normal strains for it contains 
much more Cytochrome Cs which need more iron for their maturation, And energy 
producing while the deep-sea environment contains lower iron levels. The pH of sea 
water is higher than freshwater, a little higher than 7.0, and difficult for the dilution of 
Fe3+. So the bioavilable iron is less in deep sea than other environments. Different 
from iron, the concentration of SO42- is high in deep sea environment. So, the deep sea 
environment contains less soluble iron and more SO42-. It would be interesting to 
know how WP3 control iron homeostasis for such balance. 
It is reported that Fur act through diverse regulation ways as an intracellular iron 
homeostasis regulator. This regulator exists in most of microbes, so as in WP3. A fur 
coding gene-swp2938 was found in WP3’s genome and knocked out to construct a 
mutant-Fur mutant. In our study, microarray technology was applied to study the 















homeostasis，through comparing Fur/WP3 and WP3 with iron depletion/WP3 with 
iron repletion these two microarray results. Higher intracellular concentration of Fe2+ 
in Fur mutant was indicated by microarray results comparison. And this suspension 
was directly demonstated by intracellular Fe2+ concentration levels comparison 
between Fur mutant and WP3. 
The anaerobic respiration abilities were weakened in Fur mutant, and this is the 
first report which describes fur gene deletion impacts anaerobic respiration abilities of 
shewanella species. In our study, the genes’ down regulation of both heme biosythesis 
pathway and cytochrome C maturation pathway were found. And both of them were 
possible to contribute to impaction of anaerobic respiration. Through a series of 
experiments and analysis, that the down regulation of cytochrome C maturation genes 
was the main factor leads to impaction of Fur mutant’s anaerobic respiration abilities 
was demonstrated by our study. 
In our study, the contribution of sulfate assimilation to iron transportation in deep 
sea bacterium-WP3 was firstly studied. Genes in assimilation of sulfate pathway were 
all up regulated in Fur mutant, which catch up our interest. In order to test their 
relationship with WP3’s intracellular iron homeostasis, genes in this pathway were 
studied. Two mutants were got through knock out cysG gene and cysN-D genes, and 
the physiological test indicated those genes were important for transportation of iron 
in WP3 strains. Cystine is important for transportation of iron, because it is the main 
substance for siderophores biosythesis. But bacteria used to get cystine through 
transformation of other amino acid or directly absorb it from culture, not through 
assimilation of sulfate. The importance of sulfate assimilation pathway in WP3 relates 
to its special living environment-deep sea ecosystem was suggested in our study. The 
low in nutrients and high concentration of sulfate in deep sea environment, determines 
WP3 can not get enough cystine through usual pathways, but sulfate assimilation. So 
producing cystine through the assimilation of sulfate is a special character of deep-sea 
adaptation for WP3.  
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bp               base pair  碱基对 
PCR             polymerase chain reaction 聚合酶链式反应 
dNTP            deoxyribonucleotide triphosphate 脱氧核苷三磷酸 
ddH2O           double distilled wate 双蒸水 
RAP-PCR         RNA arbitrarily primed PCR RNA 随机引物 PCR 
DNA            deoxyribonucleic acid 脱氧核糖核酸 
RNA              ribonucleic acid 核糖核酸 
G+C             guanine+cytosine 鸟嘌呤＋胞嘧啶 
M               marker 分子量标记 
TAE             Tris/acetate electrophoresis buffer Tris/醋酸电泳缓冲液 
Taq              Thermos aquaticus 热聚合酶 
TE              Tris/EDTA Tris/EDTA 缓冲盐溶液 
Tris             Tris(hydroxymethyl)aminomethane 三羟甲基氨基甲烷 
DEPC            diethypyrocarbonate 焦碳酸二乙脂 
β-ME            β-mercaptoethanol β-巯基乙醇 
GTC             Guanidine Thiocyanate 异硫氰酸胍 
MOPS            3-(N-Morpholino)propane-sulfonic acid  3-(N-吗啉代)丙磺
酸 
AP               Ammonium Persulfate 过硫酸胺  
AP               Alkaline Phosphatase 碱性磷酸酶 
TEMED           N,N,N',N'-Tetramethylethylenediamine N,N,N’,N’-四甲基
乙二胺 
SDS              sodi2um dodecyl sulfate 十二烷基硫酸钠 
PAGE             polyacrylamide gel electrophoresis聚丙烯酰胺凝胶电泳 
Cy3-dCTP         Cy3 标记的胞嘧啶脱氧核苷三磷酸 
Cy5-dCTP         Cy5 标记的胞嘧啶脱氧核苷三磷酸 
RNasin            RNase inhibtor RNA 酶抑制剂 
MP                magepa 兆帕 
UP1, UP2          universal primer1,2 通用引物 1，2 
kb                kilobase 千碱基对 
mM             milmolar 毫摩尔 
ml                mililitre 毫升 















μg               microgram 微克 
min               minute 分钟 
ORF              open reading frame 开放读码框 
rpm               revolutions per minute 转/ 分钟 
sec               second 秒 
w/v               weight/ volume 重量/ 体积 
aa                amino acid 氨基酸 
DTT              dithiothreitol 二硫苏糖醇 
EDTA           ethylene diamine-tetra-acetic acid 乙二胺四乙酸 
DMSO          dimethyl sulfoxide 二甲亚砜 
IPTG           isopropylthio--D-galactoside 异丙基--D-半乳糖苷 
X-Gal           5-bromo-4-choro-3-indolyl-β-D—galactopyranosi          
5-溴-4-氯-3-吲哚-β-D-半乳糖吡喃 
mRNA          messenger ribonucleic acid 信使核糖核酸 
OD             optical density 光密度 
RNase           ribonuclease RNA酶 
RT-PCR         reverse transcription-PCR 反转录聚合酶链式反应 
BSA            Bovine Serum Albumin 小牛血清白蛋白 
cDNA          complementary DNA 互补DNA 
DMSO         Dimethyl Sulfoxide 二甲亚砜 
E.coli           Escherichia coli 大肠杆菌 
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它覆盖着地球表面积71 % , 海水总体积占地球总水量97 %，提供了了生物99%的
可栖息生境。它不但是海洋生物的庇护所，而且主宰着地球的气候变化和物质循
环，是地球生态链中不可或缺的一环。海洋中生物资源极为丰富, 生物活性物质
种类繁多, 已引起世界各国的重视。仅在过去10 年中, 有近5 ,000 种新的海洋天




75% 。海洋的平均深度为3800m, 深的海沟为11000m, 而6000m 以下的深海只




高压  由于地球引力的作用,每下降10米,压力就增加1 个大气压。因此生长
在5,000 米深度的生物,必须能耐受500个大气压（即50MP）的压力。 
低温  除海底火山口及其附近的地方, 深海的温度一般始终保持在3 ℃±1 
































1884 年，Certes 在Talisman 探险活动中，第一次采集到深海沉积物和深海
海水样品，并从100 个海水样品中发现了96 个耗氧细菌。直到1938年，









1977 年，以Woese、Stetter、Fox 和Zillig 为代表的科学家，他们以称之为
细菌“化石”的16S rRNA 的核苷酸序列分析为主的研究结果提出了以真细菌
(Eubacteria)、古细菌(Archaea)[12, 13]和真核生物(Eucarya)为分类单元的三界学说
[14, 15]，三者之间的进化距离几乎是相等的，彼此的16S rRNA 核苷酸序列相似
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